ABBREVIATIONS CABG = coronary artery bypass graft; CAD = coronary artery disease; CAG = coronary angiography; CEA = carotid endarterectomy; CTA = CT angiography; MPI = myocardial perfusion imaging; PCI = percutaneous coronary intervention. OBJECTIVE Controversy persists regarding the optimal management of subclinical coronary artery disease (CAD) prior to carotid endarterectomy (CEA) and the impact of CAD on clinical outcomes after CEA. This study aimed to evaluate the short-term surgical risks and long-term outcomes of patients with subclinical CAD who underwent CEA. METHODS The authors performed a retrospective study of data from a prospective CEA registry. They analyzed a total of 702 cases involving patients without a history of CAD who received preoperative cardiac risk assessment by radionuclide myocardial perfusion imaging (MPI) and underwent CEA over a 10-year period. The management strategy (the necessity, sequence, and treatment modality of coronary revascularization and optimal perioperative medical treatment) was determined according to the presence, severity, and extent of CAD as determined by preoperative MPI and additional coronary computed tomography angiography and/or coronary angiography. Perioperative cardiac damage was defined on the basis of postoperative elevation of the blood level of cardiac troponin I (0.05-0.5 ng/ml) in the absence of myocardial ischemia. The primary endpoint was the composite of any stroke, myocardial infarction, or death during the perioperative period and all-cause mortality within 4 years of CEA. The associations between clinical outcomes after CEA and subclinical CAD were analyzed. RESULTS Concomitant subclinical CAD was observed in 81 patients (11.5%). These patients did have a higher incidence of perioperative cardiac damage (13.6% vs 0.5%, p < 0.01), but they had similar primary endpoint incidences during the perioperative period (2.5% vs.1.8%, p = 0.65) and similar estimated 4-year primary endpoint rates (13.6% vs 12.4%, p = 0.76) as the patients without subclinical CAD. Kaplan-Meier survival analysis showed that the 2 groups had similar rates of overall survival (p = 0.75). CONCLUSIONS Patients with subclinical CAD can undergo CEA with acceptable short-and long-term outcomes provided they receive selective coronary revascularization and optimal perioperative medical treatment.
I
t is well known that carotid endarterectomy (CEA) is a reliable procedure for preventing recurrent neurological symptoms and stroke in patients with significant carotid artery stenosis. 8, 20 However, life expectancy and operative risk are important factors in evaluating the benefits of CEA due to its preventive nature, and clinical guidelines indicate the upper acceptable limits of morbidity and mortality for performing this operation. 5, 19 Cardiac events are an important cause of morbidity and mortality after CEA. 9, 17, 21, 25 Hence, in these cases, preoperative cardiac evaluation could be used when deciding whether to perform CEA or manage conservatively, despite the limitations of preoperative evaluation in predicting perioperative cardiac complications and survival. 17, 22 The simultaneous presence of significant carotid artery disease and other cardiac risks makes it difficult to determine the optimal management strategy. 1, 5, 9, 13, 17, 19, 21, 22 Thus, controversy persists regarding the optimal management of subclinical coronary artery disease (CAD) prior to CEA and its impact on clinical outcomes after CEA.
The aim of this single-center study was to analyze the short-term operative risks and long-term outcomes of patients with subclinical CAD who underwent CEA based on our management strategy (necessity, sequence and treatment modality of coronary revascularization, and optimal perioperative medical treatment). The management strategy was determined according to the presence, severity, and extent of CAD diagnosed by preoperative radionuclide adenosine stress myocardial perfusion imaging (MPI) and additional coronary CT angiography (CTA) and/or coronary angiography (CAG).
Methods
This study was a retrospective analysis of data from the prospective CEA registry of Asan Medical Center. The protocol was approved by the institutional review board of that institution.
Between January 2005 and December 2014, 846 patients who had significant carotid bifurcation stenosis (i.e., ≥ 70% in asymptomatic patients and ≥ 50% in symptomatic patients) underwent CEA as defined by criteria established by the North American Symptomatic Carotid Endarterectomy Trial (NASCET). 20 Patients with a medical history of CAD (144 patients, 17.0%) were excluded from the present analysis (Fig. 1) . The remaining 702 patients constituted the study group for this study. Of those patients, 81 were found to have subclinical CAD during preoperative evaluation (see below) and 621 were found to have no evidence of CAD.
Management strategies were determined according to the presence, severity, and extent of CAD diagnosed by preoperative radionuclide MPI. Thallium-201 singlephoton emission computed tomography (SPECT) was the default stress MPI modality during the study period. Relative perfusion distributions were analyzed in 17 myocardial segments as described previously. 16 SPECT results were considered to be abnormal if the summed stress score was 3 or greater. A score of 7 or greater (equivalent to more than 10% abnormal myocardium) was regarded as indicating a moderate to large amount of myocardial ischemia. 3 In patients with fixed perfusion defects or small perfusion defects, CEA was performed without any additional cardiac risk assessment. In cases with moderate to large perfusion defects, additional coronary CTA and/or CAG was performed to determine whether coronary revascularization should be performed before or after CEA and whether coronary revascularization should be achieved by coronary artery bypass graft (CABG) or percutaneous coronary intervention (PCI). In patients requiring PCI, staged PCI was performed, followed by CEA with dual antiplatelet therapy. In those requiring CABG, staged CEA was performed, followed by CABG with aspirin treatment. In those requiring urgent CEA for symptomatic, severe carotid artery stenosis, staged CEA was performed, followed by coronary revascularization.
Independent neurological evaluation using the National Institutes of Health Stroke Scale 4 and the modified Rankin Scale was performed at baseline, 6-8 hours after CEA, as well as at discharge, 6 and 12 months after CEA, and an- thereafter. Cardiac enzyme level measurements and electrocardiography were performed at baseline before CEA, 6-8 hours after CEA, and 48 hours after CEA. Carotid duplex ultrasonography was performed before CEA, 6 and 12 months after CEA, and annually thereafter. Once stability was established over the course of 3 years, surveillance was performed at approximately 2-year intervals.
Risk factors of interest, clinical characteristics, and clinical outcomes for all patients were recorded in an Excel database (Microsoft Corp.) and analyzed retrospectively. Postoperative stroke was defined as an acute neurological event with symptoms of focal cerebral ischemia lasting 24 hours or more. 6 Cardiac damage was defined as postoperative elevation of the blood concentration of cardiac troponin I (0.05-0.5 ng/ml) in the absence of myocardial ischemia. 10 Myocardial infarction was defined as a postoperative cardiac troponin I level > 0.5 ng/ml with chest pain, ischemia symptoms, or electrocardiographic evidence of ischemia, such as a new ST-segment depression or ST-segment elevation ≥ 1 mm in 2 or more contiguous leads. 6 The primary endpoints were 1) the composite of any stroke, myocardial infarction, or death during the perioperative period and 2) all-cause mortality within 4 years of CEA.
Numerical demographic and clinical characteristics were analyzed by chi-square and Fisher exact tests, as appropriate. Continuous variables in the form of means ± standard deviations were compared by Student t-test. Logistic regression analysis was used to evaluate risk factors for cardiac damage following CEA. Variables that were significant at p < 0.2 in univariate analysis were incorporated into a multivariate logistic regression model. Overall survival rates were calculated by the Kaplan-Meier method and compared using the log-rank test. All statistical analyses were carried out with SPSS software (version 18.0; SPSS, Inc.), and p ≤ 0.05 was considered statistically significant.
Results
Of 702 patients without a medical history of CAD, 81 (11.5%) had abnormal preoperative radionuclide MPI findings ( Fig. 1 ). After we assessed the severity and extent of CAD, 45 patients (55.6%) with fixed perfusion defects or small myocardial ischemia received CEA without any additional cardiac risk assessment or coronary revascularization. The remaining 36 patients (44.4%) with moderate to large myocardial ischemia were considered for elective coronary revascularization. Additional coronary CTA or CAG indicated 1-, 2-, or 3-vessel disease in 9 (25.0%), 8 (22.2%), and 19 (52.8%) of these patients, respectively. Fourteen patients (17.3%) were treated with staged PCI followed by CEA (mean interval 19 days). Twenty-two patients (27.2%) were treated with staged CEA followed by CABG (mean interval 44 days). All PCI/CEA patients received dual antiplatelet therapy after PCI, and all CEA/CABG patients received aspirin treatment after CEA. Two patients (2.5%) who required urgent CEA for symptomatic, severe carotid artery stenosis received staged CEA followed by PCI with dual antiplatelet therapy (mean interval from CEA to PCI 10.5 days).
Analysis of demographic characteristics, risk factors, and clinical characteristics indicated that patients with subclinical CAD were more likely to be male (p = 0.04) and to have diabetes mellitus (p < 0.01) and chronic kidney disease (p = 0.02) ( Table 1) . They did not otherwise differ significantly from patients without subclinical CAD. There was no significant difference in the incidence of postoperative bleeding complications between patients with and without subclinical CAD (2.5% vs 1.4%, p = 0.36), although optimal perioperative medical treatment was continued in patients with subclinical CAD according to our management strategy. Patients with and without subclinical CAD did differ in the incidence of perioperative cardiac damage (13.6% vs 0.5%, p < 0.01), but they did not differ significantly in primary endpoint incidence during the perioperative period (2.5% vs 1.8%, p = 0.65) or in the estimated 4-year primary endpoint rate (13.6% vs 12.4%, p = 0.76) ( Table 1 ). There were no statistically significant differences between the 2 groups in any of the individual components of the primary endpoint. When patients were stratified by the severity and extent of CAD, no statistically significant differences were noted with respect to demographic characteristics, clinical characteristics, or clinical outcomes, although there was a trend toward an increased incidence of diabetes mellitus (p = 0.08) and cardiac damage (p = 0.05) without statistical significance in patients with moderate to large perfusion defects ( Table 2) . Of the 45 patients with fixed perfusion defects or small perfusion defects undergoing CEA without coronary revascularization, 5 (11.1%) received PCI during the follow-up period (mean interval from CEA to PCI 16 months; range 3-40 months). Despite the higher incidence of perioperative cardiac damage in patients with subclinical CAD, KaplanMeier survival analysis showed that the 2 groups had similar rates of overall survival (p = 0.75) (Fig. 2) . Subclinical CAD was the only risk factor significantly associated with perioperative cardiac damage by univariate (p < 0.01) and multivariate (p < 0.01) analyses (Table 3) .
Discussion
In the present study there was a substantial frequency of subclinical CAD in patients undergoing CEA, with significant carotid artery stenosis in the absence of a medical history of CAD. Our management strategy for patients with both significant carotid artery stenosis and subclinical CAD was determined by 1) the urgency of the carotid artery stenosis and 2) the presence, severity, and extent of CAD diagnosed by preoperative radionuclide MPI and additional coronary CTA and/or CAG. With selective coronary revascularization and perioperative optimal medical treatment, we found that subclinical CAD was not associated with an increased risk of stroke, myocardial infarction, or death during the perioperative period or with all-cause mortality within 4 years of CEA. Although the incidence of perioperative cardiac damage was higher in patients with subclinical CAD, it did not affect all-cause mortality within 4 years of CEA. Therefore, patients with subclinical CAD can undergo CEA with acceptable short-and long-term outcomes provided they receive selective coronary revascularization and optimal perioperative medical treatment.
Preoperative cardiac evaluation is performed in order to lower perioperative morbidity and mortality. 22 Randomized clinical trials have established the efficacy of CEA for patients with significant carotid artery stenosis. 8, 20 However, in certain prophylactic interventions, life expectancy and operative risk are important factors in evaluating the benefits of surgical intervention. In these cases, cardiac evaluations should be used when deciding whether to perform a CEA or manage the patient's condition conservatively, despite the limitations of these evaluations in predicting perioperative cardiac complications and survival. 17, 25 In the present study, radionuclide adenosine stress MPI was used for preoperative cardiac risk assessment in patients without a medical history of CAD undergoing CEA. The role of radionuclide MPI in preoperative risk stratification in patients undergoing major noncardiac surgery is well established. 2, 7, 14, 22, 25 In addition, the prognostic value of an ischemic myocardium has been investigated in a meta-analysis of patients undergoing vascular surgery: the 30-day cardiac death or nonfatal myocardial infarction rates were 1% in patients with normal test results, 7% in patients with fixed defects, and 9% in those with reversible defects on radionuclide MPI. 23 Because of the high sensitivity of stress MPI for detecting ischemic heart disease, patients with a normal scan have an excellent prognosis while those with more extensive reversible defects are at increased risk. 17 Stress caused by surgery and anesthesia may trigger ischemia through an increase in myocardial oxygen demand and/or a reduction in myocardial oxygen supply. Although the roles of routine, prophylactic, and invasive coronary diagnostic evaluation and revascularization in reducing coronary risk for major noncardiac surgery are poorly defined, patients with extensive stress-induced ischemia represent a highrisk population in whom standard medical therapy appears insufficient to prevent perioperative cardiac events. Thus, myocardial revascularization may be recommended before elective noncardiac surgery in patients with evidence of extensive myocardial ischemia. 15 Cardiac troponin I, a component of the myocardial cell contractile apparatus, is the preferred biomarker for the diagnosis of myocardial infarction because it has high tissue specificity and clinical sensitivity. 24 Current evidence suggests that even a small increase in the blood level of cardiac troponin I in the perioperative period reflects clinically relevant myocardial injury with impaired cardiac prognosis. 24 In the present study, the incidence of perioperative cardiac damage was significantly higher in patients with subclinical CAD, but this did not affect allcause mortality within 4 years of CEA. During the followup period, risk factor elimination and selective coronary revascularization based on regular surveillance of cardiac risks could result in improved cardiac outcomes compared with other studies.
Patients with both significant carotid artery stenosis and CAD who are being considered for carotid and/or coronary revascularization should receive optimal medical treatment throughout the perioperative period to reduce the risk of perioperative morbidity and mortality from cardiac events and stroke. To lower the risk of bleeding and thrombosis, elective major noncardiac surgery should be delayed until completion of the full course of recommended dual antiplatelet therapy (ideally 6 months in stable CAD and 1 year in acute coronary syndrome), and performed with continued aspirin treatment. 17 However, in patients with significant symptomatic carotid artery stenosis, this delay is not advisable; in these patients, it is recommended that CEA be performed within 2 weeks of the last symptoms. 1, 13, 22 The sequence of carotid and coronary revascularization and perioperative optimal medical treatment is critical and depends on the clinical presentation; also, the type of coronary revascularization depends on the severity and extent of CAD and the technical feasibility. In the present study, the sequence and type of coronary revascularization was determined based on our management strategy, and optimal medical treatment was continued in patients with subclinical CAD throughout the perioperative period to achieve an equivalent clinical outcome to that achieved in patients without subclinical CAD.
Several limitations of the current study should be noted. It had a retrospective design, which did not allow for direct, randomized comparisons of the treatment outcomes with other therapeutic strategies. In addition, there was no adjustment for baseline differences between patients with and without subclinical CAD. Finally, our current findings were obtained at a single center, and led to a small sample size that limits the overall relevance of our results.
Conclusions
Our findings indicate that with selective coronary revascularization and perioperative optimal medical treatment, patients with and without subclinical CAD have similar perioperative morbidity, mortality, and long-term survival rates; also perioperative cardiac damage does not affect all-cause mortality within 4 years of CEA. Future prospective trials with larger cohorts should lead to a bet- ter understanding of the safety and efficacy of CEA in patients with simultaneous significant carotid artery stenosis and subclinical CAD.
